Background: Policy makers in England advocate referral of patients with suspected dementia to Memory Assessment Services (MAS), but it is unclear how any improvement in patients' health-related quality of life (HRQL) compares with the associated costs. Aims: To evaluate the cost-effectiveness of MAS for the diagnosis and follow-up care of patients with suspected dementia. Method: We analysed observational data from 1318 patients referred to 69 MAS, and their lay carers (n ¼ 944), who completed resource use and HRQL questionnaires at baseline, three and six months. We reported mean differences in HRQL (disease-specific DEMQOL and generic EQ-5D-3L), quality-adjusted life years (QALYs) and costs between baseline and six months after referral to MAS. We also assessed the cost-effectiveness of MAS across different patient subgroups and clinic characteristics. Results: Referral to MAS was associated with gains in DEMQOL (mean gain: 3.48, 95% confidence interval: 2.84 to 4.12), EQ-5D-3L (0.023, 0.008 to 0.038) and QALYs (0.006, 0.002 to 0.01). Mean total cost over six months, assuming a societal perspective, was £1899 (£1277 to £2539). This yielded a negative incremental net monetary benefit of À£1724 (À£2388 to À£1085), assuming NICE's recommended willingness-to-pay threshold (£30,000 per QALY). These base case results were relatively robust to alternative assumptions about costs and HRQL. There was some evidence that patients aged 80 or older benefitted more from referral to MAS (p < 0.01 from adjusted mean differences in net benefits) compared to younger patients. MAS with over 75 new patients a month or cost per patient less than £2500 over six months were relatively more cost-effective (p < 0.01) than MAS with fewer new monthly patients or higher cost per patient. Conclusions: Diagnosis, treatment and follow-up care provided by MAS to patients with suspected dementia appears to be effective, but not cost-effective, in the six months after diagnosis. Longer term evidence is required before drawing conclusions about the cost-effectiveness of MAS.
Introduction
Dementia is a major cause of disability and poor quality of life for older people and their families, and is associated with rising healthcare costs worldwide. 1 In England, the number of people with dementia is growing quickly and expected to reach 1 million in the next decade. 2 The total costs associated with longterm care services for these patients have been estimated to be £19 billion per year, with an average cost of £28,000 per person, more than the costs of cancer or heart disease. 3 Timely diagnosis of dementia is key because it enables patients to receive early support and treatment if necessary, prepare for the future, and benefit from improvements in quality of life, while long-term healthcare costs might be reduced. 4 However, many patients with dementia in England are not formally diagnosed. In addition, many of those diagnosed are not receiving adequate support and treatment to manage their condition. To address these deficiencies in dementia services, national policy makers in England advocate a model of care centred around Memory Assessment Services (MAS 5 ). These ambulatory care memory clinics provide an integrated multi-professional approach to diagnostic services and follow-up dementia care. MAS have become the established and widely adopted model for providing services to diagnose and initiate treatment in those with cognitive impairment, although other approaches based within primary care have been proposed in a few areas of England. 6, 7 There is some limited evidence suggesting that patients referred to MAS in England have a better care experience 8 and improved health-related quality of life (HRQL). 9 On the other hand, clinical trials in France and Netherlands have found few differences in health outcomes of patients receiving follow-up care by MAS or GPs. 10, 11 Importantly, the wide range of different models of memory services complicates any comparisons between studies -both between and within countries -and may lead to misleading recommendations about the relative effectiveness of MAS. 12 Evidence on the relative costs of diagnostic and postdiagnosis services is also scarce. A previous study that focused on a single memory clinic 13 found no difference in costs of dementia services provided by MAS compared to community health services. The relative cost-effectiveness of MAS in England is not known. A previous modelling study 4 provided some cost projections for MAS based on published literature and suggested that MAS needed to achieve only modest gains in patients' HRQL to be deemed cost-effective.
A recent multi-centre observational study followed up a large number of patients attending a representative sample of MAS in England. 14 Using data from this large observational study, we have previously reported detailed costs and outcomes associated with MAS. 15, 16 Drawing on the same study, this paper assesses the costeffectiveness of MAS for the diagnosis and follow-up care of patients referred with suspected dementia in the first six months after diagnosis. We also examine whether the cost-effectiveness of MAS differs according to patient subgroups or clinic characteristics.
Methods

Study design
We recruited 80 MAS at random from the 212 clinics identified by the Royal College of Psychiatrists. Two sites subsequently withdrew, five sites were excluded for having recruited fewer than six patients and four sites were excluded from this analysis after failing to collect outcome data at six months, leaving a final sample of 69 MAS. The sample was representative of MAS in England, both geographically and in terms of number of referrals, waiting times for first appointment and accreditation status. Further details on the sample are reported elsewhere. 14 The sample reflected the wide diversity of services provided by MAS in terms of size, staffing, provision of post-diagnostic support and follow-up regimes. 17 Patients with suspected dementia referred for a first appointment at one of the 69 clinics, between September 2014 and April 2015 were eligible for inclusion in the study. Patients or carers with insufficient English to understand the consent process or study materials (n ¼ 43) were excluded, resulting in a total sample of 1318 patients.
Data collection
Patients and carers completed questionnaires about HRQL of the patient, at the initial assessment and at six-month follow-up. Data on patients' socio-demographic and clinical characteristics were recorded at baseline. Carers also completed a separate questionnaire about resource use at baseline, three months and six months. All eligible participants were followed up regardless of the diagnosis they received (whether or not they had dementia). MAS were also asked (by email) to complete an organizational survey, with telephone follow-up to maximize the response rate. This survey included data on clinic characteristics and resource use related to diagnosis, interventions and follow-up care.
Health outcomes
The patient questionnaire included disease-specific (DEMQOL 18 ) and generic (EQ-5D-3L 19 ) HRQL instruments. DEMQOL is a 28-item instrument, where each item is scored on a four-point scale, with a higher score indicating better HRQL. Patients' informal carers completed a proxy-reported disease-specific instrument, DEMQOL-Proxy, 18 which has 31 items with responses on the same four-point scale as DEMQOL. Both DEMQOL and DEMQOL-Proxy were scored using an improved scoring algorithm based on modern psychometric methods. 20 The EQ-5D-3L has five items covering different health domains: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. The EQ-5D-3L profiles were combined with health state preferences values from the UK general population 19 to give EQ-5D-3L utility index scores, anchored on a scale from 0 (death) to 1 (perfect health). Similar to DEMQOL, carers also completed an EQ-5D-3L-Proxy, with the same items as patient-reported EQ-5D-3L.
QALYs were calculated by valuing each patient's survival time (all patients included in the sample had survived for six months) by their EQ-5D-3L score at baseline and six months according to the 'area under the curve' approach. To construct QALYs based on DEMQOL, we derived a preference-based score (DEMQOL-U and DEMQOL-Proxy-U) from the original DEMQOL measure, using a previously developed algorithm. 21 
Resource use and costs
The cost analysis took a societal perspective, including costs incurred by health and social care providers, the MAS, the patient (out-of-pocket expenses), and the family and/or caregiver (informal care). Full details of the resource use and costing approach are reported elsewhere. 16 Briefly, total MAS costs included diagnostic services, and half (six months) of the annual MAS costs with interventions and follow-up care. Patients' resource use reported by their carers included contacts with healthcare and social care professionals such as GPs, nurses, psychologists, psychiatrists and social workers (in the last four weeks). The unit cost of each contact was taken from national sources. 22 Dementia drug costs were obtained from the British National Formulary (BNF, 2014). 23 Psychosocial support services such as cognitive stimulation, and art and music therapies were costed per session, and unit costs taken from national sources and related literature. 22 Following general guidance for valuing informal care in health economic evaluation, 24 we included costs related to carers' time valued at £6 per hour based on the national minimum wage for 2013-2014.
At the clinic level, staff use was valued using unit costs for health and social care professionals. 22 The costs of imaging and other diagnostic tests were taken from NHS reference costs. 25 
Cost-effectiveness
We assessed the cost-effectiveness of MAS by comparing the six-month health outcomes (HRQL) and costs of patients attending MAS with those that would have occurred had these patients not received follow-up care by MAS (baseline HRQL and costs). The implicit assumption here is that, without MAS attendance, patients' quality of life and costs would remain constant between baseline and six months.
We summarized cost-effectiveness of MAS at six months by reporting incremental net monetary benefits. These are calculated by valuing the incremental QALY by the willingness to pay threshold recommended by NICE (£30,000 per QALY), and subtracting from this the incremental cost. We investigated whether the cost-effectiveness of MAS differed according to patient subgroups by age, sex, ethnicity, deprivation and number of comorbidities. Similarly, we also assessed cost-effectiveness by clinic characteristics: number of new patients per month, number of follow up appointments within the first year, cost of MAS per patient and whether the clinic provided psychosocial support.
Statistical analysis
We estimated mean HRQL at baseline and six months across the different HRQL measures. Total costs at six months included patient-level costs related to health and social care and informal care, and clinic-level costs related to diagnostic services, interventions and follow-up care. Confidence intervals around changes in HRQL, QALY and cost endpoints between baseline and six months were obtained using non-parametric bootstrapping (1000 replications). The base case analysis estimated incremental net benefits at six months, assuming that the cost and outcomes between baseline and six months would have remained the same had the patients not attended MAS. Mean differences in the net benefits between subgroups were adjusted for patient characteristics, baseline EQ-5D-3L and clustering by clinic (using a multilevel regression model). Uncertainty (95% CI) around adjusted differences in the net benefits was obtained from the bootstrap samples.
We conducted sensitivity analysis to assess whether the cost-effectiveness results were sensitive to key assumptions in the base case scenario. More specifically, we relaxed the assumption that patients' outcomes and costs would remain constant between baseline and six months without MAS attendance. For example, we estimated cost-effectiveness assuming that patients' HRQL was lower (due to ageing and deteriorating cognitive function) and costs were higher (at six months compared to baseline) had they not received follow-up care by MAS. We considered decrements in HRQL of 0.1% (three times the age and gender-related HRQL decrement in the general population 26 ), 5% and 10%; and patient-level cost increments of 5%, 10% and 20%.
Missing resource use and HRQL data were addressed using multiple imputation (MI) assuming that the data were 'missing at random', 27 that is conditional on the observed baseline patient and MAS characteristics, follow-up process measures and observed endpoints. To ensure consistency with the analysis models, we considered a multi-level approach to MI 28 to recognize the clustering within clinics. Within each bootstrap iteration, we applied the analysis model to the multiple imputed datasets (M ¼ 20), combined the resultant estimates using Rubin's rules 27 and obtained uncertainty measures from the bootstrap samples as usual. All analyses were undertaken in R.
Results
A total of 1318 patients and 944 carers were recruited across the 69 MAS. Of those, 826 (63%) and 872 (66%) patients completed DEMQOL and EQ-5D-3L questionnaires, respectively (Table 1) . Proxy outcomes (DEMQOL-Proxy and EQ-5D-3L-Proxy) and health and social care costs reported by carers were available for only about 50% of the patients partly because 374 (28%) did not have a carer. Patient and clinic characteristics were mostly complete (Table 1) . Table 2 reports the main cost components at baseline, three-and six-month follow-up. At six months, patients referred to MAS had higher monthly costs related to social care and informal care compared to baseline; mean differences were £53 (95% CI: 15 to 96) and £59 (95% CI: À36 to 148), respectively. At the clinic level, assessment costs corresponded to half of the total cost of MAS services. According to a societal Missing data in DEMQOL and EQ-5D-3L was mostly due to patient being lost to follow-up (16%) or declining to complete the study questionnaires (18%). An additional proportion (23%) of patients had missing data in proxy measures (DEMQOL-Proxy and EQ-5D-3L-Proxy) and health and social care costs because they did not have a carer.
perspective, the mean total cost up to six months was £1899 (95% CI: 1277, 2539) per patient. At six months, patients referred to MAS experienced better quality of life compared to baseline by reference to all HRQL measures (except EQ-5D-3L-Proxy) ( Table 3) . For example, mean difference in EQ-5D-3L was 0.023 (95% CI: 0.008 to 0.038). The incremental net benefit based on the EQ-5D-3L was À£1724 (95% CI: À2388 to À1085), suggesting that the QALY gain was relatively small compared to the additional costs. This led to a much higher cost per QALY (£374,164) compared to the NICE's recommended threshold (£30,000 per QALY gain). These base-case costeffectiveness results appeared to be relatively robust to changes in the assumptions related to costs and HRQL (Figure 1) ; the distribution of incremental costs and QALYs for most scenarios lay above the recommended willingness-to-pay threshold value for a QALY gain. MAS became cost-effective when the patients not referred to MAS were assumed to experience 20% higher health and social care costs and 10% lower HRQL at six months (compared to baseline).
Subgroup analyses according to patient and clinic characteristics are summarized in Figure 2 and Table 4 , respectively. Incremental net benefits are relatively similar across the different patient subgroups, with the exception of age ( Figure 2 ). Patients aged 80 or older achieved higher gains in QALYs and had lower costs, leading to a higher net monetary benefit (adjusted mean difference was £1379, p < 0.01) compared to younger patients. Table 4 suggests that MAS with a higher number of new patients per month (more than 75), or lower clinic cost (below £2500) per new patient, were relatively more cost-effective (p < 0.01), because these tended to be associated with a lower average total cost. In line with this, there was some evidence that MAS with a wider range of staff providing psychosocial support (reflecting larger MAS) were associated with higher net benefits (mean adjusted difference was £629, p ¼ 0.04).
Discussion
Main findings
Patients referred to MAS with suspected dementia had experienced an improvement in quality of life six months after diagnosis, according to both genericand disease-specific HRQL measures. However, over this short follow-up period, the changes in HRQL were relatively small when compared to the costs associated with MAS meaning that this service was not The costs associated with memory clinic services were assumed to be zero at baseline. c Total cost up to six months includes the health and social care costs, the assessment costs, and 50% (base case) of the intervention and review costs. cost-effective assuming that a QALY (based on EQ-5D-3L) is valued at £30,000. This assessment assumed that patients' HRQL and costs would have remained constant over the six-month period had they not attended MAS. The sensitivity analysis considered alternative assumptions, and suggested that MAS could be costeffective if, without MAS attendance, patients' HRQL were to deteriorate by about 10% and health and social care costs were to increase by 20% over the six-month period. Such changes would involve a decrease of 0.07 in the EQ-5D-3L score (0.71 to 0.64) and an increase in costs (£1543 to £1850) over the six months. These changes are unlikely given the changes observed for 'usual care' patients in recent clinical trials. 10, 29, 30 There was little evidence of differences in the cost-effectiveness of MAS between patient subgroups, although patients aged over 80 benefited more (greater change in HRQL) from referral to MAS. Large clinics (more than 75 new patients per month) appear to benefit from economies of scale, but these are not necessarily associated with better HRQL outcomes. There was strong evidence that MAS with lower cost per new patient (less than £2500) were relatively more cost-effective, regardless of their size.
Comparison with other studies
Only one previous study has attempted to determine the cost-effectiveness of MAS in England. 4 Its model suggested that MAS could be cost-effective if QALY gains per person year were between 0.01 and 0.02. This is approximately the level of patient-reported QALY gains (based on both EQ-5D-3L and DEMQOL-U) reported in our study. However, for these levels of QALY improvement, our results suggest that MAS may not be cost-effective across alternative, plausible assumptions about the costs of MAS. Our sensitivity analysis suggests that QALY gains greater than 0.02 may be required to warrant the costs associated with MAS. The differences between the two studies may be related to assumptions about the costs. For example, Banerjee and Wittenberg's projections assumed that MAS would lead to cost savings from reduced use of residential care, something that we have not considered, as that did not occur in the short time period of the current study. In addition, their study did not include direct costs of diagnostic investigations, which can be relatively large. Two small clinical trials in the Netherlands compared costs and outcomes of post-diagnostic care to patients with dementia between MAS and GP services. One study 10 found that MAS were not effective or costeffective compared to GP care. Conversely, the other (single-centre) trial 30 reported that MAS were costeffective compared to GP care at one year (QALY gain was 0.05, incremental cost was E65). However, this was partly related to the fact that MAS assessment costs were not included and randomized patients had poor prognosis (average baseline EQ-5D-3L was about 0.5), benefitting relatively more from MAS compared to 'usual care'.
Strengths and limitations
This study reports a cost-effectiveness analysis of the largest observational study of patients referred to MAS in England. Unlike previous studies focussing on a single memory clinic, 9, 13, 29 our results are Figure 2 . Incremental net monetary benefits (at £30 000 per QALY) at six months by patient subgroups. *p-values are derived from adjusted mean differences in the net benefits between the different subgroups and the reference category. These differences were adjusted for age, sex, ethnicity, deprivation, number of comorbidities, baseline EQ-5D-3L, and clustering by clinic.
representative of MAS across all regions in the country. 14 This economic evaluation is based on rigorous collection of data on different measures of effectiveness (both disease-specific and generic HQRL measures reported by patients and carers), and costs to the NHS, social care, carers and patients (adopting a societal perspective). In addition, this is the first study assessing the relative cost-effectiveness of different 'types' of MAS.
A major limitation of this study is the lack of a comparator, i.e. what would have been patients' costs and outcomes had they not been referred to MAS. Our base case assumption was that these patients would have the same HRQL and costs at six months as they had at baseline (first appointment at MAS) had they not been referred. This is plausible as these patients were likely to have remained undiagnosed and, hence, receive the same level of care as before. The literature suggests that there is no change in people's HRQL over 6-12 months in this patient group. [31] [32] [33] However, in sensitivity analysis, we explored departures from this assumption. For example, assuming higher costs or lower HRQL if patients had not attended an MAS suggested that MAS would only be cost-effective over the first six months if implausible assumptions are made.
Our study was prone to missing data, which is typical in studies using self-reported and proxy-reported HRQL and resource use questionnaires. We have considered a principled approach (multiple imputation) to address the missing values, rather than relying on ad hoc assumptions. This approach assumed that the missing data were unrelated to unobserved values, conditional on the observed data, such as baseline patient and MAS characteristics, follow-up process measures and observed endpoints. Given the large number of MAS included in the study, it was not feasible to undertake a micro-costing of each clinic. Instead, the costs were mostly based on staff use in these clinics, which crucially depended on the quality of reporting by MAS. This was thoroughly checked with local sites and the mean whole-time equivalent (WTE) staff observed was similar to the assumption of 10 WTE considered in Banerjee and Wittenberg's projections. 4 In addition, our sensitivity analysis suggested that the cost-effectiveness of MAS was relatively robust to alternative assumptions about costs.
An additional limitation was that potential cost savings following referral to MAS, for example, delayed admission to a care home, were not included in this study. The positive cost-effectiveness of MAS presented by Banerjee et al. 9 included a 10% reduction in care home use. While ignoring such cost savings may have underestimated the cost-effectiveness of MAS, such impact was unlikely to occur within the first six months after diagnosis (we also noted that less than 1% of our sample were care home residents at baseline).
Policy implications and conclusions
Early diagnosis and treatment of dementia is a priority in many countries. The model of care based on MAS improves the HRQL of patients, but the gains over the first six months may not be sufficient to warrant the costs involved. Patients in this study are being followed up to 24 months, which will allow us to examine whether HRQL gains are maintained and/or costs reduced in the longer term. In such analyses, assumptions about HRQL deterioration of patients not referred to MAS and potential cost savings due to delayed care home admission will play an important role in establishing the cost-effectiveness of MAS. The relative cost-effectiveness of MAS differed according to clinic characteristics, including the number of new patients per month, clinic costs per new patient and availability of psychosocial support. One policy challenge is, therefore, to learn from these observed associations so as how to improve the efficiency of MAS, particularly those with high average cost.
Before drawing conclusions from these findings, it is also important to recognize that referral to MAS can have a wide range of different consequences. While about 61% of patients are likely to receive anti-dementia medication and 22% may take part in psychosocial interventions, there is a proportion of patients for whom no discrete action is taken and also some (17%) for whom no diagnosis is given. 15 Against this background, measures of HRQL may not encompass all the potential benefits that patients may obtain from MAS. For example, users of these services may welcome and value the reassurance and support that staff provide and the knowledge that they are not alone in having to deal with the challenges that their dementia symptoms present. Despite the widespread use of EQ-5D-3L and DEMQOL, they are designed to measure health-related outcomes (HRQL) rather than other experiential benefits or broader well-being. In addition, the results reported here do not include any HRQL gains for carers, which would have improved the cost-effectiveness of MAS. 34 We plan to consider the impact of such benefits in future analyses.
In conclusion, this study adds important evidence to the debate on the relative value for money of MAS for early diagnosis, treatment and follow-up care of patients with suspected dementia. Our findings suggest that the relative gains in HRQL may be modest when compared to the additional costs of MAS, but longer term evidence is required before drawing conclusions about the overall cost-effectiveness of MAS.
